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© Cell switching apparatus and method. 

© An ATM cell exchanging apparatus includes an 
ATM cell switch for a first system #1 and an ATM 
cell switch for a second system. These cell switches 
distribute input cells to appropriate output lines. The 
system also includes selectors for switching the 
ATM cell switches in accordance with a selection 
signal that is output from an external system. The 
ATM switches output an idle cell when there is no 
ceil to be output. When the selector judges that it is 
necessary to switch the systems as indicated by the 
change - over signal, the selector switches the sys - 
tern after it confirms that an idle cell is output from 
both ATM cell switches. The idle cell that is output 
indicates that there is no cell stored in either system; 
thus, it is easy to switch the systems without causing 



the duplication or omission of a cell. 
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BACKGROUND OF THE INVENTION 

Field of the Invention 

The present invention relates generally to 
asynchronous transfer mode (ATM) networks and, 
more particularly to a cell exchanging system for 
relaying cells and exchanging cells at a high 
speed. 

Description of the Prior Art 

A number of ATM techniques and architectures 
have been proposed to switch voice data, video 
data and other kinds of data. The ATM techniques 
are designed for use in a digital network such as 
an integrated services digital network (ISDN). ATM 
techniques improve the utilization efficiency of 
transmission in switching by statistical multiplexing 
of fixed length packets of the data, known as cells, 
on a broad band transmission line. The architec- 
tures for practicing ATM techniques include 
switching architectures for switching cells through 
the network. 

Fig. 15 is a block diagram showing the 
change-over system of an ATM switch, which is 
described in Japanese Patent Laid -Open No. Hei 
3-26038. The ATM switch is used to direct cells 
through the ATM network. As shown in Fig. 15, this 
ATM switch is provided with two ATM switch sys - 
terns #1 and #2, which have the same structure. 
Redundant switch systems are provided to en- 
hance the robustness of the network. 

Identical ATM cells are input in parallel to the 
respective switch systems #1 and #2. These ATM 
cells are input in parallel to ATM switch buffers 30a 
and 30b of the ATM switch systems #1 and #2, 
and each cell is output to an external system after 
a delay. In order to monitor the number of cells 
which are stored in the ATM buffer switches 30a 
and 30b, ATM buffer cell counters 31a and 31b are 
provided. Each of the ATM buffer cell counters 31a 
and 31b increments its count value every time an 
ATM cell is input to the corresponding ATM switch 
buffer 30a and 30b, and decrements its count value 
every time an ATM cell is output from the cor- 
responding buffer. In this way, the ATM buffer cell 
counters 31a and 31b always monitor the number 
of cells that are stored in the respective ATM 
switch buffers 30a and 30b. 

Systems #1 and #2 are provided with respec - 
tive difference detectors 33a and 33b, for compar - 
ing the count values of the ATM buffer cell coun - 
ters 31a and 31b. Systems #1 and #2 are also 
provided with respective dummy cell markers 32a 
and 32b for writing dummy cells into the ATM 
switch buffers 30a and 30b f in accordance with the 
control signals sent from the difference detectors 



33a and 33b. 

A plurality of ATM switches are disposed at 
intersections (cross points) of input and output 
paths so as to form a crossbar type ATM ex- 

5 changing apparatus. 

The operation of the conventional ATM switch 
systems of Fig. 15 will be explained below with 
reference to Figs. 16A-16C, 17A and 17B. In Figs. 
16A-16C, 17A and 17B, switch system #1 (see 

w Fig. 15) functions as the "currently used" system, 
whereas switch system #2 (see Fig. 15) functions 
as a "spare" system. In this illustrative case, each 
of the ATM switch buffers 30a and 30b stores the 
same cells "i"-"4", as shown in Fig. 16A. Ac- 

75 cordingly, each of the ATM buffer cell counters 31a 
and 31b has a counter value of "4". 

If ATM switch buffer 30b of switch system #2 
ceases operating due to some problem, the con- 
tents of the ATM switch buffer 30b are lost, and the 

20 count value of the ATM buffer cell counter 31b is 
reset to "0", as shown in Fig. 16B. Even if the ATM 
switch of system #1 becomes operational again, a 
certain amount of time must elapse before switch 
system #2 may assume the "currently -used" role 

25 previously served by switch system #1 . 

When switch system #2 assumes the 
"currently -used" role, difference detector 33b 
(Fig. 15) detects the difference between the count 
values of the ATM buffer cell counters 31a and 

30 31b. Difference detector 33b causes the dummy 
cell marker 32b to generate dummy cells (indicated 
by "0" entries) which are stored in the ATM switch 
buffer 30b until the difference in count values is 
eliminated. Dummy cells are, thus, stored until 

35 there is no difference between the count value of 
the ATM buffer cell counters 31a, 31b, and hence, 
the number of cells stored in the ATM switch buffer 
30a equals the number of cells stored in the ATM 
switch buffer 30b. 

40 For example, when cells "3" - "8" are stored in 

the ATM switch buffer 30a of switch system #1 and 
only the cell "8" is stored in the ATM switch buffer 
30b of switch system #2, as shown in Fig. 16C, the 
difference in the number of cells stored in the 

45 respective switch buffers is "5". Hence, five dum - 
my cells (indicated as "O") are generated and 
stored in the ATM switch buffer cell 30b. Both ATM 
buffer cell counters 31a and 31b then have a count 
value of "6". 

so In this state, switch system #2 begins to op- 

erate in the same way as switch system #1. Fig. 
17A shows a subsequent state in which the leading 
four cells in buffers 30a and 30b have been output 
and in which four new cells have been supplied to 

55 the ATM switch buffers. Fig. 17B shows the state in 
which two additional cells (six cells in total) have 
been supplied to the ATM switch buffers 30a and 
30b and the leading three cells have been removed 
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from the buffers 30a and 30b. In the state shown in 
Fig. 17A, since the dummy cells remain, switch 
system #2 cannot function as a "spare" system. In 
other words, switch system #2 cannot be called 
upon to assume the role previously served by 5 
switch system #1. However, in the state shown in 
Fig. 17B, since no dummy cell remains, switch 
system #2 can be changed over to assume the role 
of system #1 . 

With the conventional cell exchanging system 10 
having the foregoing configuration, one control unit 
is shared by two switch systems so as to control 
which ATM switch of a plurality of ATM switches 
for outputting cells to the same output path should 
output a cell. In such a case, the status of cells 75 
stored in the switch buffers are the same for the 
two switch systems. There is however a problem 
that the control units cannot be doubled. 

On the other hand, when each control unit is 
independently provided for the switch systems 1 20 
and 2, respectively, there might be a case in which 
the switch buffers for the ATM switch systems 1 
and 2 might store different numbers of cells. In 
such a case, the system 1 or 2 cannot be selected 
optionally. 25 

It is, therefore, an object of the present inven - 
tion to provide a cell exchanging apparatus which 
comprises two independent ATM switch systems 
and can perform change-over of the switches 
without duplication of cells and omission of the 30 
cells, and to provide a method therefor. 

It is a further object of the present invention to 
provide a cell exchanging apparatus that does not 
repeat the transmission of cells or omit the trans - 
mission of cells during change - over. 35 



SUMMARY OF THE INVENTION 

The above and other objects, features and 
advantages of the present invention will become 
clear from the following description of the preferred 
embodiments thereof, taken in conjunction with the 
accompanying drawings. 

In accordance with an embodiment of the 
present invention, an asynchronous transfer mode 
(ATM) cell exchanging apparatus distributes input 
cells to corresponding cell output lines. Each input 
cell includes a data portion and a header portion. 
The header portion includes address information 
that is used to direct the cell to its destination. The 
ceil exchanging apparatus includes a first cell 
switch for distributing the input cells to a first set of 
switch output lines in accordance with the address 
information of the header portion of the input cells. 
The cell exchanging apparatus also includes a 
second redundant cell switch for distributing the 
input cells to a second set of switch output lines in 
accordance with the address information of the 



header portions of the input cells. Both the first cell 
switch and the second cell switch generate idle 
cells when they input cells. 

The cell exchanging apparatus further includes 
a selection mechanism for selecting which of the 
first set of switch output lines and the second set 
of switch output lines is a currently selected switch 
of output lines that provides cells to the cell output 
lines. The selection mechanism is switchable be- 
tween selecting the first set of switch output lines 
and the second set of switch output lines. The 
selection mechanism includes a confirmation 
mechanism for confirming that idle cells are output 
on each of the currently selected and spare set of 
switch output lines before switching selection by 
the selection mechanism of cells from the currently 
selected set of switch output lines to the other set 
of switch output lines. 

The first cell switch and/or the second cell 
switch may be formed by a plurality of unit 
switches. In addition, the first and second cell 
switches may include arbitration logic for arbitrating 
competing requests to output a cell over a switch 
output line. In accordance with one embodiment, 
each of the unit switches is provided with an output 
buffer that temporarily stores the cells to the out- 
put. The unit switches request permission to output 
a cell when a cell is stored in its output buffer. In 
this embodiment, the arbitration circuit grants per - 
mission to one of the unit switches which are 
connected to a same switch output line and which 
are requesting permission to output a cell so that 
only the cell in the unit switch which is granted 
permission is output to the switch output line. The 
arbitration circuit instructs one of the unit switches 
to output an idle cell when no unit switch requests 
permission to output a cell. 

BRIEF DESCRIPTION OF THE DRAWINGS 

40 

Fig. 1 is a schematic diagram of a digital trans - 
mission system in which the ATM cell ex- 
changing apparatus of the present invention 
may be used; 

45 Fig. 2 is a block diagram of the structure of a 
first embodiment of an ATM cell exchanging 
apparatus, according to the present invention; 
Fig. 3 is a block diagram of the selector 5a 
shown in Fig. 2; 

50 Fig. 4 is a logic diagram of the selection circuit 
8 of Fig. 3; 

Fig. 5 is a timing diagram showing the input and 
output timings for the embodiment shown in Fig. 

2; 

55 Fig. 6 is another timing diagram showing the 
input and output timings for the embodiment 
shown in Fig. 2; 
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Figs. 7 A and 7B are diagrams showing the out - 
put timing for the embodiment shown in Fig. 2; 
Fig. 8 is a block diagram of the structure of a 
second embodiment of an ATM cell exchanging 
apparatus according to the present invention; 
Fig. 9 is a more detailed block diagram of 
arbitration circuit 10a of Fig. 8; 
Fig. 10 is a timing chart showing the input 
timing for the embodiment shown in Fig. 8; 
Figs. 11A-11H are timing diagrams of signals 
of a buffer memory in the unit switch means 
shown in Fig. 8; 

Fig. 12 is a timing diagram for the cell ex- 
changing apparatus shown in Fig. 8; 
Fig. 13 is another timing diagram for the cell 
exchanging apparatus shown in Fig. 8; 
Figs. 14A and 14B are timing diagrams for ex- 
plaining the operation of a selector shown in Fig. 
8; 

Fig. 15 is a block diagram of an example of the 
structure of a conventional ATM switch; 
Figs. 16A-16C are timing diagrams for ex- 
plaining the operation of a conventional ATM 
switch; and 

Figs. 17A and 17B are timing diagrams for ex- 
plaining the operation of a conventional ATM 
switch. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Fig. 1 shows a digital transmission system in 
which the cell exchanging apparatus of the present 
invention may be used. The digital transmission 
system of Fig. 1 includes an ATM communication 
network 50. The system also includes terminals 40 
that serve as the source and destination of cells 
that are passed across the network. The terminals 
are connected to local area networks (LAN) 42, 
which are, in turn, connected to cell multiplexing 
devices 44. The cell multiplexing devices 44 serve 
as interfaces between LAN's 42 and the ATM 
communication network 50. Cells originating from a 
terminal pass through a LAN 42 to a cell mul- 
tiplexing device 44, wherein the cells are mul- 
tiplexed across the ATM communication network 
50. Each of the cell multiplexing devices 44 is 
connected to a number of logical channels 46. The 
cell multiplexer decides which channel the cells are 
transmitted across. In making this decision, the cell 
multiplexing device selects a particular channel 52 
that leads to the destination terminal. The cells are 
demultiplexed by a cell multiplexer device 44 that 
is coupled to a LAN 42 leading to the destination 
terminal 40. The demultiplexed cells are then 
transmitted over the LAN 42 to the destination 
terminal 40. 



The ATM communication network 50 must in - 
elude a number of switches to properly route cells 
across the network. The ATM network 50 is de- 
signed to operate at very high speeds (e.g. line 

5 bit -rates of 155 Mbps). As such, the switching 
must be done efficiently to maintain a high 
throughput. The present invention provides a cell 
exchanging apparatus that perform switching with - 
out omitting cells or repeating cells. A first pre- 

10 ferred embodiment of a cell exchanging apparatus 
is shown in Fig. 2. The ATM cell exchanging ap- 
paratus of Fig. 2 is provided with a cell switch 11 
for receiving cells from a plurality of input lines 2a 
to 2n (where n is a positive integer) and for out- 

75 putting the received cells to a plurality of output 
lines 3a to 3m (where m is a positive integer). A 
suitable cell switch architecture is described in it. 
Kuwahara et al. f "A Shared Buffer Memory Switch 
for an ATM Exchange", Proc. of IEEE , 1989. The 

20 ATM cell switching apparatus also includes an ad - 
ditional cell switch 12 that serves as a "spare cell" 
switch. This cell switch 12 has the same structure 
as cell switch 11 but has separate output lines 4a 
to 4m. Selectors 5a to 5m are coupled to the 

25 output lines 3a -3m and 4a -4m of the respective 
switches 11 and 12. The selectors 5a -5m select 
either the output lines 3a to 3m of cell switch 1 1 or 
the output lines 4a to 4m of cell switch 12. The 
selectors 5a to 5m output cells received from the 

30 selected lines through lines 6a to 6m. The selec- 
tors 5a -5m make their choice of lines based on 
the system change-over signal. This signal will be 
described in more detail below. 

Fig. 3 is a block diagram of the structure of 

35 selector 5a. Each of the other selectors 5b -5m 
has an identical construction. As shown in Fig. 3, 
the selector 5a includes an idle cell detector 7, for 
judging whether or not an idle or idle cell is output 
on the output lines 3a and 4a. When a cell switch 

40 11 or 12 (Fig. 1) has no cell to output to one of its 
output lines, a idle cell is output in place of a 
normal cell. Cells are typically 53 bytes in length, 
with 48 bytes of data and 5 bytes of header in- 
formation. When a cell switch 11 or 12 generates a 

45 idle cell it includes a 2 byte flag in the header 
information that identifies the cell as a idle cell. The 
idle cell detector 7 (Fig. 2) constantly monitors the 
output lines 3a and 4a of the two systems to 
determine whether any idle cells are output on 

so lines 3a and 4a. The idle cell detector checks for 
the idle cell flag on incoming cells to determine 
whether the incoming cells are idle cells. 

The selector 5a further includes a selection 
circuit 8, for selecting either output line 3a or 4a 

55 and outputting the cell on the selected output line 
to the line 6a. Fig. 4 provides a more detailed view 
of one implementation of the selection circuit 8. 
The selection circuit includes two AND gates 54 
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and 56 and an inverter 60. If the system change - 
over signal is generated by an external system in 
response to a switch failure or other event, the idle 
cell detector 7 (Fig. 2) swaps the cell switch from 
which it selects cells by switching the selection 
circuit 8. Those skilled in the art will know of 
suitable mechanisms for generating such a system 
change-over signal. During normal operation, a 
swap signal sent from the idle cell detector 7 to the 
selection circuit 8 is high. As such, the cells output 
on line 3a (see Fig. 4) are passed through AND 
gate 54. In contrast, the cells output on line 4a are 
stopped by NAD gate 56 because inverter 60 in - 
verts the logically high output of the swap signal. 
However, when the system change-over signal is 
generated, the idle cell detector forces the swap 
signal to a logically low state so that the AND gate 
54 stops the cells output on line 3a, whereas AND 
gate 56 allows the cells output on line 4a to pass. 

The switching is performed only after detector 
7 (Fig. 3) confirms that an idle cell is output to the 
output lines 3a and 4a of both systems. The sys - 
terns are not switched immediately after the sys - 
tern change-over signal is generated but is 
switched only after an idle cell is output from both 
cell switches 11, 12 to the respective output lines. 
It is, thus, possible to switch the systems by a very 
simple circuit structure which neither duplicates nor 
misses any cells; hence, enhancing the throughput 
of the network. 

The operation of this first preferred embodi- 
ment will now be explained in detail. In Fig. 2, cell 
switches 11 and 12 are shown for illustrative pur- 
poses as having four input lines 2a to 2d and four 
output lines 3a to 3d. It is assumed that each cell 
has a fixed length, and that cells reach the input 
lines 2a to 2d at substantially random times, pro- 
vided that the time interval between cells is equiv - 
alent to an integral multiple of the length of a cell. 
In other words, it is assumed that the input phases 
of the cells are normalized before they reach input 
lines 2a to 2d and that the cells are input from all 
the lines in the same phase. 

The operation of the cell switch 11 will now be 
explained. Fig. 5 is a timing chart for signals which 
are input on the input lines 2a to 2d and output to 
the output lines 3a to 3d. The numerals provided at 
the top of the chart represent time slot numbers. 
Only one cell is input to one input line for each 
time slot. The numeral at the left portion of each 
cell represents an output line number, the numeral 
at the middle portion of each cell represents an 
input line number, and the number at the right 
portion of each cell represents a time slot number. 
The output line numbers 1 to 4 correspond to the 
output lines 3a to 3d, respectively, and the input 
line numbers 1 to 4 correspond to the input lines 
2a to 3d, respectively. The time slot numbers each 



represent the number of the time slot in which the 
cell was input. The time slots showing no cells are 
the time slots in which no cell was received or in 
which a idle cell has been output. 

5 The cells which are input to the cell switch 11 

are distributed to the specified output line numbers 
and output during the next time slot, as a general 
rule. If a plurality of cells which are to be delivered 
to the same output line are input during the same 

10 time slot, the cells are output one after another in a 
predetermined order. The order may be deter- 
mined in various ways. In this illustrated case, a 
method is employed which outputs the cells ac- 
cording to their input line number in a circular 

75 order of 1 — 2 — 3 — 4 — . However, this method 
for ordering the output of the cells is merely illus - 
trative and other approaches may be equally via - 
ble. 

In the illustrative case of Fig. 5, during time slot 

20 1, cells to be delivered to the first output line 
(output line 3a) arrive at the four input lines 2a to 
2d. Therefore, the cells input from the input line 
numbers 2, 3, 4 and 1 are output during time slots 
2 to 5, respectively, in consecutive order (namely, 

25 2b — 2c — 2d — 2a). During time slot 3, a cell is 
received on input line 2d. This cell is output at time 
slot 6 on output line 3a. 

Since both of the cell switches 11 and 12 
operate as described above, the order of outputting 

30 a plurality of cells which are to be delivered to the 
same address and which are input during the same 
time slot is sometimes different, depending upon 
the internal state of the cell switch. However, there 
is no time interval between the outputs of the cells. 

35 In other words, these plurality of cells are continu - 
ously output, and no idle cell is inserted between 
the cells. 

In this embodiment, when a plurality of cells 
are to be output to the same output line, they are 

40 output in a circular order, as described above. The 
order of outputting the cells is not critical to the 
present invention. In an extreme case, the cells 
may be output at random. 

The operation of the selector 5a will now be 

45 explained. The case of switching the cell switch 1 1 , 
which is currently used, over to the cell switch 12 
will be explained with reference to Figs. 6 and 7. 
Fig. 6 is a timing chart for signals which are input 
from the input lines 2a to 2d and output to the 

50 output line 3a of cell switch 11 and output line 4a 
of cell switch 12. The input cells are exchanged by 
the cell switches 1 1 , 1 2 so that the cells are output 
to output lines 3a and 4a. In Fig. 6, the cell re- 
ceived on input line 2a is output to the output line 

55 3a, whereas the cell received on input line 2b is 
output on the output line 4a during time slot 2. 

The cell switches 11 and 12 exchange cells on 
the basis of the same control algorithm, but since 
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the internal states of the cell switches 11 and 12 
are not always the same, the order of outputting 
cells in cell switch 1 1 is sometimes different from 
the order in the cell switch 12, as shown in Fig. 6 
(i.e., note the order in which the cells "111", "121" 
and "131" are output on output lines 3a and 4a). In 
this case, if a changeover to system #2 occurs at 
time A in Fig. 6, a cell is duplicated or missed, as 
shown in Fig. 7A. 

However, if the changeover to system #2 oc - 
curs at time B in Fig. 6, no cell is duplicated or 
missed, as shown in Fig. 7B. This is because the 
order of outputting cells having a idle cell there- 
between is not changed, as described above. 

Therefore, when the selector 5a (Fig. 3) which 
is connected to the output lines 3a and 4a receives 
a system change - over signal, the selector 5a in - 
structs the selection circuit 8 to switch after the idle 
cell detector 7 detects a idle cell which is output to 
the output lines of both systems at time B in Fig. 6. 
It is, thus, possible to switch systems without du - 
plicating or missing a cell. The selectors 5a to 5m 
(see Fig. 2) switch the systems in this way in- 
dependently of each other. Therefore, the operation 
of switching the systems in the entire ATM cell 
exchanging apparatus as a whole is completed 
when all the selectors 5a to 5m have finished the 
switching operation. 

Second Embodiment 

Another embodiment of the present invention 
will now be explained with reference to Figs. 8 to 
14. Fig. 8 is a block diagram of another embodi- 
ment of an ATM cell exchanging apparatus ac- 
cording to the present invention. As shown in Fig. 
8, each of the cell switches 11 and 12 of this 
embodiment is composed of four unit switches 
11a- 11d combined in the form of a lattice. These 
unit switches may be output buffer type switches, 
having buffers 61a-61d for storing cells. Typically, 
each unit switch 11a- 11d is a 2x2 switch of a 4x4 
switch. The cell switches 11 and 12 have arbitration 
circuits 10a and 10b for controlling the operation of 
outputting ceils from unit switches 11a to 11d to 
the respective output lines 3a to 3d and 4a to 4d. 

As in the first embodiment, each of the cell 
switches 1 1 and 1 2 inputs cells from the four input 
lines 2a to 2d, distributes the cells to the cor- 
responding addresses and outputs the cells 
through the plurality of output lines 3a to 3d or 4a 
to 4d. Each of the selectors 5a to 5d is composed 
of an idle detector 7 (Fig. 3) and a selection circuit 
8 like those provided in the first embodiment. The 
selectors 5a to 5d (Fig. 8) select either the output 
lines 3a to 3d of the cell switch 1 1 or the output 
lines 4a to 4d of the cell switch 12, and output cells 
on the selected output lines through lines 6a to 6d. 



When a system change - over signal is output from 
an external system, the selection circuit 8 (Fig. 3) 
is changed over to select the other switch after the 
idle cell detector 7 detects a idle cell which is 

5 output to the output lines of both switches. 

As was mentioned above, arbitration circuits 
10a and 10b are provided for controlling the op- 
eration of the outputting cells from unit switches 
11a-11d to the respective output lines 3a -3d and 

w 4a -4d. The arbitration circuits are used when 
there is competition in requests for a particular 
output line. Fig. 9 provides a more detailed like 
diagram of the arbitration circuit 10a. The other 
arbitration circuit 10b has a like configuration. The 

75 arbitration circuit 10a includes a buffer 68, a 
microprocessor 62 and a memory 70. This ar- 
bitration circuit 10a receives requests from unit 
switch 11d on line 64 and request from unit switch 
11c on line 66. These requests are stored in a 

20 buffer 68 and are then forwarded to a micropro- 
cessor 62. The memory 70 holds a history of 
permission request to send information to a par- 
ticular address. The microprocessor 62 uses the 
contents of memory 70 to determine whether per- 

25 mission should be granted for the request received 
on lines 64 and 66. The appropriate information is 
retrieved from the memory 70 by utilizing data 
contained in the request that are held in the buffer 
68. The microprocessor then generates a permis- 

30 sion signal that is sent over line 72 or 74 back to 
the respective unit switch 11c or 11d, indicating 
that the request is permitted. The respective unit 
switch 11c or 11d then makes the appropriate 
switching connections to direct the cells to the 

35 appropriate output line 3c, 3d, 4c or 4d. 

The operation of this second embodiment will 
now be explained in detail. The operation of the 
cell switch 1 1 , and namely, the operation of each of 
the unit switches 11a to 11d in the cell switch 11 

40 will first be explained. The operation of switch 12 is 
the same as switch 11 except where indicated 
otherwise. Fig. 10 is a timing chart showing the 
timing for inputting cells to the input lines 2a to 2d. 
In Fig. 10, the numerals in each cell have a similar 

45 meaning to those shown for the first embodiment. 
Figs. 11A-11H are timing diagrams showing the 
cells stored in the buffers of the unit switches 11a 
to 11d. 

Fig. 1 1 A shows the cells stored in the buffer for 
50 the output line number 1 (output line 3a) of the unit 
switch 11a (Fig. 8), and Fig. 11B shows the cells 
stored in the buffer for the output line number 1 
(output line 3a) of the unit switch 11b (Fig. 8). 
Similarly, Fig. 11C shows the cells stored in the 
55 buffer for the output line number 2 (output line 3b) 
of the unit switch 11a (Fig. 8), and Fig. 8D shows 
the cells stored in the buffer for the output line 
number 2 (output line 3b) of the unit switch 11b 
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(Fig. 8). Fig. 11E shows the cells stored in the 
buffer for the output line number 3 (output line 3c) 
of the unit switch 11c (Fig. 8), and Fig. 11F shows 
the cells stored in the buffer for the output line 
number 3 (output line 3c) of the unit switch 11d 
(Fig. 8). Fig. 11G shows the cells stored in the 
buffer for the output line number 4 (output line 3d) 
of the unit switch 11c (Fig. 8), and Fig. 11H shows 
the cells stored in the buffer for the output line 
number 4 (output line 3d) of the unit switch 11d 
(Fig. 8). 

Cells which are input at a certain time slot are 
distributed to the corresponding addresses within 
the unit switches 11a-11d and stored in the cor- 
responding buffers 61a-61d at the next time slot. 
It will be understood for Figs. 10 and 11A-11H 
that each of the cells input, for example, at the time 
slot 1 is stored in the corresponding buffer at the 
time slot 2. 

Each of the unit switches 11a to 11d (Fig. 8) 
not only stores cells in its respective buffer 61a- 
61 d but also requests permission from the cor- 
responding arbitration circuit 10a or 10b to output a 
cell. If permission is granted, the unit 11a-11d 
switch outputs the cell at the next time slot. As 
shown in Fig. 12, cells having the output line 
number 1 are stored both in the unit switch 11a 
and in the unit switch 1 1 b at time slots 2 and 3. In 
such a case, since it is impossible to output -both 
cells at the same time, the cells are output one by 
one, in accordance with the permission of the ar- 
bitration circuit 10b (10a). 

In this embodiment, if the buffers correspond - 
ing to the same output line simultaneously request 
permission to output a cell, the arbitration circuit 
10a or 10b instructs these buffers to alternately 
output a cell. In Figs. 11A-11H, a cell is output 
from the unit switch 1 1a at the time slot 3, a cell is 
output from the unit switch 11b at the time slot 4, 
and a cell is output from the unit switch 11a at the 
time slot 5. So long as some of the unit switches 
which are subject to request permission to output a 
cell, the arbitration circuit 10a or 10b grants per- 
mission to one of the unit switches. When no 
permission to output a cell to a certain output line 
is requested, (i.e., all the buffers corresponding to 
the output line are vacant), the arbitration circuit 
10a (10b) instructs one of the unit switches 11c 
and 11d (11a and 11b) to output a idle cell. 

In this embodiment, the arbitration circuit 10a 
or 10b grants permissions one by one to succes- 
sive cells so long as there are requests for per- 
mission to output a cell. The order of outputting 
cells is not critical to this second embodiment. In 
an extreme case, there is no problem if the cells 
are output at random. 

The operation of switching the systems by the 
selector 5 will now be explained. The case of 



switching the cell switch 11, which is currently 
used, over to the cell switch 12 will be explained 
with reference to the timing chart of Figs. 12- 14. If 
cells are input to the input lines 2a to 2d, as shown 

5 in Fig. 12, the cells are stored in the buffers for the 
output line number 1 in the unit switches 11a and 
11b, as shown in Fig. 12. Fig. 12 also shows the 
change in the cells stored in the buffers for the 
output line number 1 in the unit switches 12a and 

io 12b of the cell switch 12 of system #2. 

Since the order of outputting cells is dependent 
upon the internal state of the respective cell switch 
11 and 12, as described above, the order of out- 
putting cells from system #1 is different from the 

75 order of outputting cells from system #2. That is, 
the change in cells stored in the buffers in system 
#1 is also different from that in system #2, as 
shown in Fig. 12. Fig. 13 shows the cells output to 
the output line 3a of the cell switch 1 1 when the 

20 cells stored in the buffers are changed as shown in 
Fig. 12. Fig. 13 also shows the cells output to the 
output line 4a of the cell switch 12 in the same 
case. 

The cells output to the output line 3a of the cell 

25 switch 1 1 are different from the cells output to the 
output line 4a of the cell switch 12 in this way. Fig. 
14A shows the cells finally output to the exit line 6a 
in the case of changing the output line 3a over to 
the output line 4a at the time indicated by the line 

30 C in Fig. 13. As shown in Fig. 14A, if the output 
lines are switched at the timing C, a cell is du- 
plicated or missed. On the other hand, Fig. 14B 
shows the cells finally output to line 6a in the case 
of changing the output line 3a over to the output 

35 line 4a at the time indicated by the line D in Fig. 
13. Unlike the example shown in Fig. 14A, no cell 
is duplicated or missed. 

The order of outputting cells having a idle cell 
therebetween is not changed in this embodiment. 

40 Therefore, if the systems are switches at the timing 
adjacent to the timing at which an idle cell is output 
(such as the timing D shown in Fig. 13), switching 
is executed without causing duplication or omission 
of a cell. 

45 Since the selectors 5a to 5d in this second 

embodiment perform the switching operation only 
when an idle cell is output to the output lines of 
both systems in the same way as in the first 
embodiment, it is possible to switch the systems 

50 without causing a duplication or missing of a cell as 
in the first embodiment. The selectors 5a to 5d 
switch the systems independently of each other in 
the same way as the first embodiment. Therefore, 
the operation of switching the systems in the ATM 

55 cell exchanging apparatus as a whole is completed 
when all the selectors 5a to 5d have finished 
switching. 
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As described above, according to this em- 
bodiment, since the ATM cell switch is composed 
of the unit switches and the arbitration circuits, it is 
easy to realize an ATM cell switch which outputs 
an idle cell when there is no cell to be output. 5 
Therefore, the switching operation of the two sys - 
terns of an ATM cell exchanging apparatus is fa- 
cilitated in the same way as in the first embodi- 
ment. 

While there has been described what are con - w 
sidered to be preferred embodiments of the in- 
vention, it will be understood that various modi- 
fications may be made thereto, and it is intended 
that the appended claims cover all such modifica- 
tions as fall within the true spirit and scope of the 75 
invention. 

Claims 

1. An asynchronous transfer mode (ATM) cell 20 
exchanging apparatus for distributing input 
cells to corresponding cell output lines, each 
input cell including a data portion and a header 
portion having address information, compris- 
ing: 25 

a) a first cell switch for distributing the input 
cells, to a first set of switch output lines in 
accordance with the address information of 
the header portions of the input cells, said 

first cell switch outputting an idle cell when 30 
there are no input cells; 

b) a second redundant cell switch for dis - 
tributing the input cells to a second set of 
switch output lines in accordance with the 
address information, of the header portions 35 
of the input cells, said second cell switch 
outputting an idle cell when there are no 
input cells; and 

c) a selection mechanism for selecting 
which of the first set of switch output lines 40 
and the second set of switch output lines is 

a currently selected and spare set of switch 
output lines that provides cells to the cell 
output lines, wherein said selection 
mechanism is switchable between selecting 45 
the first set of switch output lines and the 
second set of switch output lines, said se - 
lection mechanism including: 

a confirmation mechanism for confirm - 
ing that idle cells are output on each of 50 
output lines in the currently selected set of 
switch output lines before switching selec- 
tion by the selection mechanism from the 
currently selected set of switch output lines 
to the other set of switch output lines. 55 

2. A cell exchanging apparatus as recited in claim 
1 wherein the first cell switch comprises sev - 



eral unit switches. 

3. A cell exchanging apparatus as recited in claim 
1 wherein the second cell switch comprises 
several unit switches. 

4. A cell exchanging apparatus as recited in claim 
1, further comprising arbitration logic for ar- 
bitrating competing requests to output a cell 
over a same switch output line. 

5. In an asynchronous transfer mode (ATM) cell 
exchanging apparatus, having cell output lines, 
a first cell switch with first switch output lines, 
which generates idle cells when no cells are 
input, a second cell switch with second switch 
output lines, which generates idle cells when 
no cells are input, and a selection mechanism 
for selecting which of the first switch output 
lines and the second switch output lines is 
selected to provide cells to the cell output 
lines, a method, comprising the steps of: 

a) providing an initial selection that selects 
the first set of switch output lines to provide 
cells to the cell output lines; 

b) generating a change-over signal to the 
selection mechanism; 

c) confirming that idle cells are present on 
each of the first switch output lines; and 

d) using the selection mechanism in re- 
sponse to the control signal so that the 
second switch output lines provide cells to 
the cell output lines. 

6. An asynchronous transfer mode (ATM) cell 
exchanging apparatus for distributing input 
cells to corresponding cell output lines, each 
input cell including a data portion and a header 
portion having address information, compris- 
ing: 

a) a first cell switch for distributing the input 
cells to a first set of switch output lines in 
accordance with the address information of 
the header portion of the input cells, said 
first cell switch comprising: 

i) a plurality of unit switches, wherein 
each of the unit switches output cells that 
are input from input terminals to select 
switch output lines in the first set of 
switch output lines in accordance with 
address information provided in the input 
cells, each of the unit switches being 
provided with buffers to temporarily store 
cells to be output, and each of the unit 
switches requesting permission to output 
a cell when a cell is stored in the output 
buffer of the unit switch; and 
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ii) an arbitration circuit for granting per- 
mission to one of the unit switches, 
which are connected to a same output 
line and which are requesting permission 
to output a ceil to that output line, so that 5 
only the cell in the unit switch which is 
granted permission by the arbitration 
circuit is output to the switch output line, 
and said arbitration circuit instructing one 
of the unit switches to output an idle cell w 
when no unit switch means requests 
permission to output a cell; 

b) a second redundant cell switch for dis - 
tributing the input cells to a second set of 
switch output lines in accordance with the 75 
address information of the header portions 

of the input cells, said second cell switch 
comprising: 

i) a plurality of unit switches, wherein 
each of the unit switches output cells that 20 
are input from input terminals to select 
switch output lines in the second set of 
switch output lines in accordance with 
address information provided in the input 
cells, each of the unit switches being 25 
provided with buffers to temporarily store 
cells to be output, and each of the unit 
switches requesting permission to output 

a cell when a cell is stored in the buffer 

of the unit switch; and 30 

ii) an arbitration circuit for granting per - 
mission to one of the unit switches which 
are connected to a same output line and, 
which are requesting permission to out- 
put a cell to that output line, so that only 35 
the cell in the unit switch which is 
granted permission by the arbitration 
circuit is output to the switch output line, 

and said arbitration circuit instructing one 
of the unit switches to output an idle cell 40 
when no unit switch means requests 
permission to output a cell; 

c) a selection mechanism for selecting 
which of the first set and the second set of 
switch output lines is a currently selected 45 
set of switch output lines that provides cells 

to the cell output lines, wherein said selec - 
tion mechanism is switchable between se- 
lecting the first set and the second set of 
switch output lines, respectively, said se- 50 
lection mechanism including: 

i) a confirmation mechanism for con- 
firming that idle cells are output on each 
of the currently selected and spare set of 
switch output lines before switching se- 55 
lection by the selection mechanism of 
cells from the currently selected set and 
spare set of switch output lines to the 



other set of switch output lines. 

7. An asynchronous transfer mode (ATM) cell 
exchanging apparatus for distributing input 
cells to corresponding cell output lines, each 
input cell including a data portion and a header 
portion having address information, compris- 
ing: 

a) a first cell switch for distributing the input 
cells to a first set of switch output lines in 
accordance with the address information of 
the header portion of the input cells, said 
first cell switch comprising: 

i) a plurality of unit switches, wherein 
each of the unit switches output cells that 
are input from input terminals to select 
switch output lines in the first set of 
switch output lines in accordance with 
address information provided in the input 
cells, each of the unit switches being 
provided with output buffers to tempo- 
rarily store cells to be output, and each 
of the unit switches requesting permis- 
sion to output a cell when a cell is stored 
in the output buffer of the unit switch; 
and 

ii) an arbitration circuit for granting per- 
mission to one of the unit switches, 
which are connected to a same output 
line and which are requesting permission 
to output a cell to that output line, so that 
only the cell in the unit switch which is 
granted permission by the arbitration 
circuit is output to the switch output line, 
and said arbitration circuit instructing one 
of the unit switches to output an idle cell 
when no unit switch means requests 
permission to output a cell; 

b) a second redundant cell switch for dis- 
tributing the input cells to a second set of 
switch output lines in accordance with the 
address information of the header portions 
of the input cells, said second cell switch 
comprising: 

i) a plurality of unit switches, wherein 
each of the unit switches output cells that 
are input from input terminals to select 
switch output lines in the second set of 
switch output lines in accordance with 
address information provided in the input 
cells, the unit switches being provided 
with common output buffers for them- 
selves to temporarily store cells to be 
output, and each of the unit switches 
requesting permission to output a cell 
when a cell is stored in the output buffer 
of the unit switch; and 
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ii) an arbitration circuit for granting per- 
mission to one of the unit switches which 
are connected to a same output line and, 
which are requesting permission to out- 
put a cell to that output line, so that only 5 
the cell in the unit switch which is 
granted permission by the arbitration 
circuit is output to the switch output line, 
and said arbitration circuit instructing one 
of the unit switches to output an idle cell w 
when no unit switch means requests 
permission to output a cell; 
c) a selection mechanism for selecting 
which of the first set and the second set of 
switch output lines is a currently selected 75 
set of switch output lines that provides cells 
to the cell output lines, wherein said selec - 
tion mechanism is switchable between se- 
lecting the first set and the second set of 
switch output lines, respectively, said se- 20 
lection mechanism including: 

i) a confirmation mechanism for con- 
firming that idle cells are output on each 
of the currently selected and spare set of 
switch output lines before switching se- 25 
lection by the selection mechanism of 
cells from the currently selected set and 
spare set of switch output lines to the 
other set of switch output lines. 
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